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*HW **rtt #7l## 

am. 

MgO lOO^W; ^-71 MgO^ 7l§o.S, ZL <9S.7> -325meshol Jl Si# 25~70<f^% 
■fr*te-Fe-Si^| 0.5-85^^:1- 3ffJKh8- ^tei^ll- fc^Bj 

<>W, 700r°UHH # 7 ] Mg0# fllK^o] 0.1%°1^7> £)3£S. 7j-^ 500 to]S} 

100%£±7}± 7}<&*}d\ 0.25%°]f>}5L ^«H>1, 1 «lf £^7l 

7}^t io%°l*> l^tf-fr ^^7ls *W*M SWiHr &^Kr 3* 

^8-2-3. *Hr jifl.^. w 0 V^^7]7j-^ 42&q 

WW 

#1H§ ^7)7^, Fe-Si, 
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*r^°l -M 1- ^ jItt^ Hr1H§ AS&yb {Method for manufacturing high silicon 

grain-oriented electrical steel sheet with superior magnetic properties} 

<1> £ ^£ ^714 **|. t^-l- 7^*1 Jfl ^ o}^ Jl^i ^ 

#*\S., ±&$r>\$<f\ MgOT] -gjE4 2^^- ^ l^lf ^B]^bBS 7j-^ofl 

3% Si^^ tf-frtr ^°-3. *H 1^1^ Bj-^7> (110)[001]«<H=iLS. 3]<t£ ^^"2:21 

* °]-§-*H fctf?!, ^7l, ^71 £ 7-lE)- ^>7l7l^ 1^ TflS-iS. A>^Cf. 
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al^sMW *>7)3) ^o] -f^tt ^4l*H « 4^7> ^tfl£)7l >»14^4. 
<4>^, Fe-Si^i^ ^"t^ol ^7>^s. ^^oflAi ^5J) > ji^ f *j. 7 ) 6)^0] 

6.5%Si^A-l go]^ 6.5%Si#£ ^-g^r^Hr ^ ^ a^r4<3 eH*1.E 7]. 

Jl-irl- -g-JE^L ^-g-oj 7>^>4. 

<5> ZLBic-i] Fe-Si^Ai fl-if-^ol ^7}^^ ^##3 <£^l-§:^ ^%Z] 4^1^.5., 3.5%ol# 

£ ^ 7l4sfe TOSHi 1 ^ tM]^<LS °iqs\°] ^HHt^ tMll- t 

:6> *flS ^ ^ safe H o^AS ^3j^l 7] ^^7fl^ 56-3625Jl^£) # 

* Sfe tff jifl-dii^ x]^^ 2 ^ol ojji, <g s. 7 fl4i 62-10332151^ ^-^JES] 

7>1#eH^ «a-o^^ ^.S^, 5-171281^^ tflJfofl Jlfl-^A ^JjLofl 
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<7> ^ *{)%±3.*\ <£#f^ 7)£& 3%# -^HH^^S- SiC147>^# o]-g-$ 

-M, °1 62-227078 g USP 3423253-f«fl #3)3 &t|-. ne^ sJ-SHf*!- 

* ^dt^Bl^-fr ^-^2|-7lt- 7}*N 7]$ 3%Si# *|)€-efl ^ 5 afl o] 

*M 4^€*>7> 3£ ^^7|-g-O.S ol-g-Sj^n]-, g-gHHHH^I ^3. ol-g-^ i£<£ 

7l-§-^i ^.oi^ ^■^g^l^^ii -a^sMl^g- ^-§-5^*1 

^^HH ^O^fe f^i^S^ i^ofl, MgOi ^dt^^ 

4 S^-l: Fe-Si^l ^-g^ ^r^^lf- ^a]£|^Efl3. 3EiW ^ 
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<!2>MgO *tf 100f^; £ #7) MgO££ 7l*^S., H <&S.7\ -325mesh°]JI Si# 25~70f^% t 

<13> 0]^ 700t°l#oJH #7] MgO# flUHKM 0.1%ol^>7> £)£^ ^7} 500"C^^ 
s] 7^6)1 A| ^-f MgO# fl^7>^ ^^(LOI)^; Wfl#^J7 ( HOOIC^H^ 

100%^4i7>^ *fl7H-H 7><i^H ^tM^ 0.25%^^ ^H^H, o]:f , &f{ 7 ] 
7>i# 10%o)^} ^^--fi- ^4i^7lS. ^H^H ^ff^M" 3B^Kr ul£^4 
*m *MH -f^tl- 3Lyt±. %3LW$ 4) 3rtt 

<14> ol«). t ^ ^« ^^^4. . 
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7)^ ^o] -f^ ^7]7j- ^llsl =r Xi-§-^ tflt!:^!^ ^4#€ 312002-696485E. 

3. *H4H> 4 5S4. 

<16> o] S^^^oflAife i^lt tf-flSM #1M3 34##* ^flS«}7l 4*fl4*r, n ^fl- 

^l^i 4~§-4*r Fe-Si3l 2^ £ ^Ef alH^ o}-g-e1 ( o}^ > o}^ 

±%*)S. MgOi £W 3* 2)144^ 314- 

<17> ZL^Cll 4 *^4 ^7H«y ^^l^l 343, 3ff3j-# W ££4 

3 m 4*H 44 #7)ms] A7)^o] sK14$4. ^, 

4 £^*<H144 «.^7l27d, ^sf-i- 34-2-3. , 24*11^ W 444 

«44 t^ijrh #t§=^ ^71 -g-4*M ^ ja«- tfS^a. 

<i8> ^ t ^ o].g.^ ^-^a^i- ^^4. 

<19> £ m^^fe, Si^£4 SHWc* 12-4 ^4 ^«fl Si^r 31 tW* 43: € 

4-8-44 fifjl Si^o] Fe#^4 3^-3 ^-f-l-^Bfltl FeSi 2 , FeSi, Fe 5 Si 3 SEfe 
Fe 3 Si #44 Fe-Si7fl ^#^BflS #«-<H $ffS** £^5=£*1]4 7l^§«-£.S. 4-§-?b4. # 
71 Fe-Si4 Fe^-^4 Si**4 £^44 1^4 SEfc <r£4 ^4 £^7> 

^HI4 1000-1200134 ££44 5-104 ?> £^44 ^ *r #-£-4, €■ °H q- 

1*1 444 4^ OT^a ^ 4^7} 344. 
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<20> e>H Fe ^-^4 Si^-^ ufl-t^i ^ Wf-^ 0 ! olM^^r 

50%Si+50%FH3 FeSi 2 3 ^tt°l ^^M, 34%Si+66%FeAHfe FeSi^ 5)-^l- 0 l , 
25ftSi+75We*Hfe Fe 5 Si 3 £| 14%Si+86%FeAH^- Fe 3 Si^ ^7fl*>7)] ^4. 

^1 ^*H^ 2,7] £t#3H 4^ W#<>1 £*H3<H Sl-i: =r $14. 

<2i> £ ^o)]A^ oj^Tll Fe-Si^l Si<%& 25~70^%3. ^ltW. # 

^ SitflM 25% Si4*)l M-f- 3<H 3HHr£.7} i-1 -T- ^1 <r Stl^, 

<>1 70%# ^£°1 FeSi 2 ^-4°<J3 ^rSitf^ £^-§-3. ^Si^*°l 

A>-g-*H ®JL $1^4-0} Fe^4 FeSi 2 , FeSi, Fe 5 Si 3 2^ 

Fe 3 Si #3)3 Fe-Si^l tft-<H °1* ^irMI^ 7}&§& ±3. °l-g-^°l <£ 

<23> nejji #7] sq- £°] *fl2:£ Fe-Si 741 ^^-5]^ Mg0^^4 £^*H SUltf^ s. 

S. 1 ^ S^f-ol 7 ># 3*H3°14. n^cfl ^fl-^o] Fe-Si ^1 7> 

*H*H 6 > "W 6 )]^ ^^Al £i^Ajo] -f^*f|*|jl ^AVtiV-g-Al^) ±7ft4\ £ ^ 
^ #M*ia«H£. zls]4 aj-7] ^yl-g-ol Fe-Si7fl :a£^R> 
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<24> 4^ £ ^oflA^ ojl- jisjisH #71$]- £<>l Fe-Si^l i^M^ v)M]$r 

°M ££3^1 *1 -t-t^I Stb °14 £°1 ^ ^^7} PlAilt!: Fe-Si31 ^ 

nl^^ JIB^M a <8JE# -325meshS. $3*Hr a.tf ia>^3|^-t)-. 

<25> ^- #714 ^ol Fe-Si 7^1 £^g-^*lltl MgO^t 

100^ W^, #7). Fe-Si ^| £t*H 5M§W. °H. ^ 

^7HH 0.5%*m°l^ ^fl-^o] 7]^ $7^ uif- ^jl, S$± 85%# 2:4«>^ MgO^ 

^o] 4buh i^xi^ Eif ^e)7> ^jl, ±4 3*1 -fflt #e]7> <H33 ti>^ 

<27> £ ^£ tffcSJ-jMUE, 7fl7>^^ * ^j^^^S- OT^ 
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7j-#£)-W^ *\o]5L Sil- 2.9-3.3f^=% ^^-o] «>^^q.. =L ^^o) 

2.9%t3l^>oflA^ l^s-^oj 3.3m ^4*>^ 7 <M ^^^^ ^1 

<29> j^tf T3>^^-7ll^-, #7] 7j-^5}ti.^ #*3=%3., C: 0 . 045~0 . 062% , Si: 2.9-3.3%, Mn: 

0.08-0.16%, Al: 0.022-0.032%, ^ N: 0.006- 0.008%, *M € ^ !:7}:&|t!: Ir^l-i- it^l 

<30> £ ^^Ai^ #71 7j-^5}til- ^T^^olf 7>7l^^ JIB^M H50t:~1200t: 

t-W^JL, ol^ ^TV^^M 2.0~2.3mm^]^ g^^^-i- 
11001D«1*M ^r£ofl^ *>^, g 0.20~0.30^]S 

23 0.20mm^l#5l 3-f 233 W^o. 3. ^^4^} 21^. °1 

^, <&^o}7}+7} ^ €^CT3 ^^-^71^ 840~890We<HH ^g-Al 
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<31>. £ ^^Mfe o]Sf ^]^o.S ol-g-^c-ll, 

3 £3i*r tfS^<>l m. °W 

^#-§.3 #sfl^o.j=L zJ-g-lsH £tH^ Si€4^ f°lr 1^4 

<32> ^jjflajog ^"71 MgOi Fe-Si^l <M§*tf* 4€€ ^S^lf- M ^ 

e^^s °1« t-^43- ^7i ^ Iste^sm £3i S 

ol Jp. ifl^aUfr °H, 3. ?dS^rS.l- 200-7001CS. *llt!:^- 0 l 4 

#344. 

<33> , £ ^r$o. # 7 ) STiJLS. 4^3 jL££^1?14. ^, £ 

10-20°C/hrS. 7}!*H 12001C44 ^^l^JL, 7j|4=*M 1200t<*(M 20*1 3: 
<>1# W^Kr 27l-7fl^^ oj-g-t ^ &4. 4^. £ fl^^M 

27>7M^ ^ $ 4-E- a.4 **r$ *>7m* ^ ^fl-^ ^7]7j-^ 

<34> ^ , £ ^oflAi^r fulfil ifHM§ <£ 7 ) flSfl, 700lC6l^ollAi MgO 

^ fl^^ol 0.1%447> Sj^-lj- £2:3 7j-^ 5001C°143 tft*H MgOf' 

Fe-Si7)l 4^**4 #-§-44 Si<S£4 SiM4 -a*** n vH-°1 °W 
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€ XllES 3^ 3^ =r^(L0I)^ O.lWW 

<35> £^ £ ^frA]i|-^S. «-Ei 1100 X:V\7\9\ ^^Mfe 100%^ ^7>i £^7HH 

<36> o]5^ ^^711- 100%t±7\^ *4]7lS ^H*Kr o]^^ £fl7l«W 

Ai £5^1^ si^£°l ^j-^vfls JH*3fc 3* 9*1*1*1, °H 44 Si HH 4^ 2^^^ 
*8<S°1 M^^S. 4^ ^ $i7l *fl-g-<>14. °H, ^ 0.25%ol 

S>S. ^RVSKrC Qjt^o] aj-H*^ 7>^o] 1^£]71M- D| o]^7l)1^^7> * 

*H =i49l^ ^ 2* <r 9X7] «H^oi4. 

3ite3-4 ^-tfl^H ^-a ff-^t^s 3^tt4. 

<38> ZLEjji uLfri^- 7j-^ 5^f-g- AV-g-ofl O.^. 4£*H 4^ 

SaM* 44, 3^4 aH-i- nfl-i ifrlMJ #7i ^ 

<39> 44 * MgOi Fe-Si7fl 

# ^e]e] ^Efls 7^011 £it^ oil- JL-^^^-Aj^ofl &o^ ( Mg 0# -Hfrtf, £^£4 
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7)7>i g ^if*** ^H^S.*! *M*H3* #W ^7lW 7^1 ^l^t 

<40> o^}, ^AHl- £ ^tl- tfXfl-Sl 

<41> (^aH 1) 

<42> Si : 3.20%, C : 0.045%, P : 0.014%, -g-§ Al : 0.027%, N : 0.0075%, S : 0.005%, 

Mn : 0.10%, Cu : 0.12%, W Fe $ i-7>S|*}7ll ^S|fe *£^** £t*H 2.^S|*r 
B}ti# 1150'C^ ^E^i 7fl7>«a^-JL, 1100 ^^^T^W °H . 

ZL sj#^l7> 0.23ram7> 5j£J* flfc** Hl*HH!£ €4*>$4. =L*\3L # 

£Mo}7]-a 0 .5ft7> t-B-€ ^ g £^7}^ ^&&$]7lsHM 880t f-A] 

<43> o]61 f ^7]^ tf©l v}j£& MgO lOO^W-i «fl*H. ^ $£7} -325mesh<>ljl 

50%Si* SNMfr Fe-Si^l 25* W* £^*H 2^3 3tM) 2^1~§- *4| 

W ©I* *343. a^ofl £i^6.^ t o]*, 700^^1^ ^ofl 

4 32$ 4£ €fl*M tflls^ ^*sa4. 

<44> ^-714 7j-#* 2^>7fl^^ofl Sltb ^ $ $7^1*1* ^*fl *M £ 14 £°1 

3* jtei** ^Al^^cf. 600°C^1^ ££«1H ^^Al^> ^*5^* 

£t*H «££^r£.* 4^ 15°CS 7}<i*H 1200 tl^H ^rW-Jl, °H, 1200 £41 4 25^ 
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*b * **M«* 71*1^ « ^^^^^ *> 7 1 * 14 

OT^Sfti^. «. 4fJM» 7001C4W «JM«* «ff££** MgO^I « 

«Ojoi)* nooriHs ^ si*8= W-** a^>*M ^ ^4 

<45>^J1 oj^Tl) 3L^±^]m #*JHM flW^U* ">^£. 

<46> $ 7 }<% *ol *H#*4| &*Si«4 7>7]^ aAW5ft o.^ f 7 }7l^ 

**7lS 3 *HNl5i(B8)a* 3^>*W ^ X H 4«a4. °^ 7lAi 

Wi7/ 5 o^ 50Hz, 1.7Ttesla<W*l , W 5 /iooo^ 1000Hz, 0.5Tesla4M3 4 

b^H, *HW£ B8£ 800A-turn/m^ 4 ***** 3:^3^ ?W» 

TeslaS. v+eH . ^JL Si^£ ^4*H4. 
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<48> * 7^1 : 1100TC <££?}*1 ;4i*7>>i*fl7Hl N 2 /(N 2 +H 2 ) $ £A] 

<49> 7 >i2 : llOOlD &5.aW*\ ±&7}£.$$\7]$ N 2 /(N 2 +H 2 )3 S*)% . 

<50> Jjj-y) S. 1*11 M-Eftd *W £<>1, MgOf^ ^iK^g-CLOlH 0.1**1*HjI, 

1100TC7W 100%3dx7>:£*HH *1«J*H SiJHt^ol 0.29H^3. 3^3?- 1100TC 

°] 4.2~4.5%7>*1 $Tte*H&4 o}^, Wi7/50 : 0.71-0.72, W 5 /iooo : 6.4~6.5^ -f^«- 
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<5l> ojofl tfl^, 700t<>1144 L0I7> Hlso)](i~2), $$7)7}^ <$±W&°) 50%S &o}*\ 
1100 4 3 Si ^^o] ^ yliai(3), n^Ji ^ 4 £44^7}-^ 

t^4 oi^M^^^i ^fl-^o] ^ «ia4(4)fe 2.-T - ^ ***H3<>1 #4 
4. 

<52> ^ 1000^444 <££:#?H4 £ Mj-^o] ^.g. H}5ii(5~7) 

* 4 *M 33*314 4-4 4 ^-ffW 444-4 <=»l^>^fl^^ °1 *s.4-3i, °H1 44 

4^4 £ cfl«i 7is§>^4. 

[*ig4 £41 

<53> 44 £4. £ OT* **B4 £#4$! afla*^* 4-8-43451, :a£i^4 

oil MgOi 3tF«H*"&- 442^** ^^dl] ^ al^-g-^olH <r4*r£* 4 

£444 ^ite 7Hr 2:^1-* -fr444fc4 24433 *fi4344 «tW*» 4^43- 4 
c]f. &5.6\}x\ JL^±3\- SK>4 ^ ^-o.s.Ai ^fl-^44 -f^rtb 44 4 4 
J17> *4 7>^tb 0.20~0.30mm^-41^ Jifl-^ ijj-^ 2l7l#^ 7^7>S. 42tt 
4. 
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1] 

#7) t^-^sm a^ofl, 

MgO ^ lOO^INf I £ #7l MgO^^- 7l§o.S, a «a3E7> -325mesh^lal Si© 25-70^ 
$ft #-B-*>Sr Fe-SiJfl 0.5-85^^:1- If^<^ 3^3fe $T?ateB- ^-^Ei^ll- 

°W, 700rjol-S-«fl-H ^71 MgO# flHMHfr®l 0.1%°1*>7]- 3 £4} #7] 7 J-^ 500 

tol*H *)£4M M g0^ fl$7>^ ^^^-(L0I)# *mf>}JL, HOO-C^l^ & 

ioo%^^7>^ £^7HH 7>^^H ^^-i- 0.25%oi-5}s. *)H*M, ^ 

^7l7}^l- 10%ol^- ^^-B- *W*H ^Tf^KM: &S$7>}^ 

^8 £.3 *MM J7fl-i «J-^^7l7j-^ Tflswj-^ 

[St 1 * 2] 

*)] W SW, $7] Fe-Si^l 4Mtt1^ f^is ^ 

IS^* 3] 

i 

1*°11 9X°]*], -#7} Q^*^ Si# 2.9~3.3f^% %-fr*}3L S}^ 
*1M§ #7l#:& afla^. 
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